INTRODUCTION
Influenza A viruses are important human and animal pathogens that are responsible for seasonal epidemics and have also caused several pandemics. Influenza viruses are known to jump from one host to another and have the capacity to generate reassortant viruses which may start pandemics . In 2013, a novel reassortant avian-origin influenza A virus H7N9 caused many human deaths in China . This reassortant virus contains H7 and N9 gene segments that originate from ducks and migratory birds, respectively, while the six internal gene segments come from H9N2 viruses isolated in local chickens Liu et al., 2013; . This outbreak reminds us of the importance of viral host shifting on public health, and it suggests that we should pay attention to all influenza subtypes as a potential threat.
It is known that bats are natural hosts to many zoonotic viruses capable of infecting humans (Luis et al., 2013; Shi, 2010) . In 2012, Tong et al. identified the first influenza-Alike virus (H17N10) in these animals, albeit in the form of RNA and not as replicable virus particles (Tong et al., 2012) . In 2013, another influenza-like virus, H18N11, was identified . The nearly worldwide distribution of bats and their ability to fly and migrate over long distances enhance the opportunity for interspecies transmission of viruses. As a consequence, H17N10 influenza-like virus may jump to other animals when it comes into contact with bats. It is therefore important to evaluate whether this virus is able to reassort with other influenza A viruses and produce hybrid viruses with potentially damaging traits. Previous research has demonstrated that the bat-derived neuraminidase-like N10/N11 and haemagglutinin H17/H18 have different functions compared to their homologues in other influenza viruses . N10 and N11 lack sialidase activity on tested sialic-acidcontaining oligosaccharides Tong et al., 2013; Zhu et al., 2012) , and the H17 and H18 proteins did not bind to the canonical sialic acid receptors Tong et al., 2013; Zhu et al., 2013) . These results suggest that H17N10 and H18N11 are influenza-like viruses that are related to categorized influenza A viruses but seem incompatible in function and reassortment capability. In 2014, chimeric replicating hybrid viruses with six internal genes from bat influenza viruses and the remaining HA and NA coding regions that originated from H1N1, H3N2 or H7N7 could be rescued (Juozapaitis et al., 2014; Zhou et al., 2014) . Moreover, the crystal structure of the heterotrimeric bat-derived H17N10 polymerase, comprising PB2, PB1 and PA subunits, reveals some canonical RNA polymerase motifs and domains (Pflug et al., 2014) . Besides, we also showed that the N-terminal domain of PA (PAn) from H17N10 has a similar endonuclease activity to that from categorized influenza A viruses (Tefsen et al., 2013) . Although we were unable to rescue viruses containing the PAn domain from H17N10 in a PR8 background in these studies, we investigated the possibility of rescuing functional genes or domains from H17N10 in the background of a categorized influenza A virus. For this, we picked H17N10 NS1, which shares an average of 45 % identity with NS1 molecules of other virus subtypes (Tong et al., 2012) . The non-structural protein NS1 acts at multiple levels to inhibit type I IFN synthesis by direct interaction with host factors or through binding to dsRNA (Chen et al., 1999; Donelan et al., 2003; Gack et al., 2009; Li et al., 2006; Min et al., 2006 Min et al., , 2007 Tan & Katze, 1998) , which allows the virus to overcome host defences and replicate efficiently (Hale et al., 2008) . The anti-host immune responses of NS1 are attributed to two functional domains of NS1: one is the N-terminal RNA-binding domain (RBD) (Qian et al., 1995) and the other is the C-terminal effector domain (ED) (Li et al., 1998) . The structures of these domains were determined individually (Bornholdt & Prasad, 2006; Liu et al., 1997) , and later the full-length protein structure was also solved (Bornholdt & Prasad, 2008) . Here, we show that NS1 from H17N10 could be swapped with that of PR8 in virus rescue experiments with a PR8 background and could still yield replicating viruses, but this was not the case for the nuclear export protein (NEP) (NS2). Moreover, we show that NS1 from H17N10 functions similarly to its homologues from other subtypes in blocking the host innate immune response. Finally, the structure of the RBD of NS1 from H17N10 identified by X-ray crystallographic analysis was shown to be similar to those from categorized influenza A viruses. Our data clearly indicate that the influenza-like H17N10 virus possesses functional genes that are compatible with other influenza viruses.
RESULTS
Complete gene segments with or without noncoding regions from H17N10 are not able to reassort with H1N1 human influenza A virus Reassortment occurs when two or more influenza viruses co-infect a single host cell and can lead to the emergence of new influenza viruses. Reverse genetics can be used to mimic this process. We wanted to evaluate the pathogenic potential of reassortant viruses between influenza A/little yellow-shouldered bat/Guatemala/060/2010 (H17N10) (hereafter called H17N10) and human influenza viruses. Therefore, we attempted to generate several reassortant viruses comprising different combinations of H17N10 and A/Puerto Rico/8/1934 (H1N1) (hereafter called PR8) by reverse genetics (Table 1) . None of the reassortants possessing any segment from H17N10 and the other seven segments from the parental virus PR8 were successfully rescued, as monitored by the production of replicative viruses in Madin-Darby canine kidney (MDCK) cells or chicken egg embryos. Considering the interaction between HA and NA and their importance for infecting cells, several attempts to rescue a reassortant with HA and NA from PR8 and the other six gene segments from H17N10 were unsuccessful, which is consistent with the results from previous studies (Juozapaitis et al., 2014; Zhou et al., 2014) . We did not perform these experiments with HA and NA from H17N10 and the other six segments from PR8, considering that the receptors for H17N10 HA and NA are still unknown and that HA was unable to bind any known cell line Sun et al., 2013; Zhu et al., 2012 Zhu et al., , 2013 . The combination of PB2, PB1, PA and NP from H17N10 together with the other four segments from PR8 did not result in the production of replicative influenza viruses either, even though polymerase activity of the ribonuclear protein (RNP) complex was confirmed in human cells with minigenome reporter assay (Tong et al., 2012 , Juozapaitis et al., 2014 , which was reproduced in our study (data not shown). The results of these rescue experiments indicate that complete segments of H17N10 are not compatible with those from PR8, making such reassortments between batderived and human influenza viruses very unlikely to occur in nature, which is consistent with previous studies (Juozapaitis et al., 2014).
We wanted to investigate possible explanations for this incompatibility, and one such explanation could be attributed to differences in the non-coding regions (NCRs) of the segments. Each influenza virus segment is composed of one or more ORFs flanked by NCRs at their 3¢ and 5¢ ends; the NCRs are important for virus replication and are highly conserved among different influenza A virus strains (Desselberger et al., 1980; Tiley et al., 1994; Zheng et al., 1996) . Considering that there are several base differences in the NCR sequences of H17N10 and PR8, we constructed eight chimeric segments that contained the NCR sequences from PR8, while the rest of the sequences were H17N10 derived. These segments were subsequently tested in virus rescue experiments as described in the previous paragraph, but again without yielding any viable recombinant viruses, whereas Juozapaitis et al. (2014) successfully rescued one chimeric influenza virus harbouring ORF of HA and NA genes from H7N7, but with H17N10 NCRs and part of the 5¢ and 3¢ coding sequences from H17N10 at the two terminals (Juozapaitis et al., 2014) . This the case with H1N1/ H17N10 recombinant virus with HA and NA from PR8, in which HA and NA genes carry an extra bat H17N10 NCR sequence and a packing sequence with ATG mutated at the 5¢ terminal (Zhou et al., 2014) . This led us to conclude that the difference in NCR alone could not explain the incompatibility of complete gene segments derived from H17N10 with those from PR8.
An H1N1 hybrid virus can be rescued with NS1 gene from bat-derived influenza-like virus H17N10
The results in the previous paragraph indicate that reassortment of complete segments from H17N10 with human influenza viruses in vivo is unlikely. Our recent finding that PAn codes for an endonuclease with activities comparable to human and avian PAn molecules (Tefsen et al., 2013) stimulated us to address the fundamental question of whether functional genes or genetic domains from H17N10 could be rescued in the background of PR8.
For this study, we chose to dissect segment 8, which codes for the non-structural proteins NS1 and NEP. The NS1 (H17N10) sequence matches the consensus sequences of the RBD (residues 1-74) and the ED (residues 75-221) from influenza A NS1 proteins, including the typical RNAbinding sites and nuclear localization signals (residues 35-41). The NS1 (H17N10) protein has a C-terminal with 11-aa truncation similar to the NS1 of the 2009 pandemic virus H1N1. In order to investigate whether functional genes or genetic domains from H17N10 NS segment could be rescued in the background of PR8, first, we attempted to construct a recombinant NS segment (designated NS1 RBD-H17N10), in which NS1 RBD of PR8 was exchanged by NS1 RBD of H17N10 (Fig. 1a) . When the NS1 RBD-H17N10 segment was expressed together with the other seven influenza gene segments from PR8 in reverse genetics experiments, it yielded a virus NS1 RBD-H17N10 that could replicate (Fig. 1a) , and the recombinant virus exhibited similar growth kinetics in MDCK cells (Fig. 1b) . This result shows that the H17N10-derived RBD of NS1 can functionally replace the same domain of NS1 derived from PR8, yielding a replicating virus. Encouraged by this result, we attempted to assess recombinant viruses bearing the NS1 or NEP gene of H17N10 without altering another gene sequence in the influenza A PR8 backbone. To achieve this, we made constructs expressing the NS1 protein and NEP as a single polyprotein with a foot-and-mouth disease virus 2A autoproteolytic cleavage site and two silent mutations in the splice acceptor site according to the method of Basler et al. (2005) . The NS1-H17N10/NEP-PR8 segment 8 containing NS1 from H17N10 and NEP from PR8 and the NS1-PR8/ NEP-H17N10 segment 8 containing NS1 from PR8 and NEP from H17N10 were constructed using the NS1-2A-NEP strategy. In parallel, we constructed the NS1-H17N10/ NEP-H17N10 and NS1-PR8/NEP-PR8 segments as controls (Fig. 1a) . After the transfections of these constructs with the other seven segments from PR8, the recombinant virus containing NS1 from H17N10 can be rescued successfully, whereas the recombinant viruses containing NEP from H17N10 could not be obtained (Fig. 1a) . This result demonstrated that the NS1 protein of H17N10 is compatible with the PR8 virus, but the NEP protein of H17N10 is not. Analysis of the virus growth kinetics in MDCK cells showed that the virus NS1-PR8/NEP-PR8 had wild-type-like growth kinetics, but the NS1-H17N10/NEP-PR8 recombinant virus displayed an attenuated phenotype (Fig. 1b) . Compared with the properties of NS1 RBD-H17N10, which replicated efficiently similarly to PR8, these data indicated that the ED from H17N10 possibly affected virus replication ability. We then assessed the ability of the two recombinant NS1 viruses to repress IFN-b production during infection. The reporter assays showed that the two recombinant NS1 viruses could inhibit virus-induced production of IFNb, similarly to that inhibited by the PR8 virus and the H5N1 virus (Fig. 1c) .
NS1 protein derived from H17N10 influenza virus blocks IFN-b induction
To address the function of NS1 from H17N10, we analysed the effect of its expression on IFN-b induction in 293T human embryonic kidney (HEK293T) cells after Sendai virus (SeV) infection in comparison with NS1 derived from A/bar-headed goose/Qinghai/1/2005 (H5N1) virus. Reporter assays indicated that NS1 (H17N10) inhibited SeVinduced activation of the IFN-b promoter with similar efficiency as NS1 (H5N1) (Fig. 2a) . Furthermore, no differences were observed between the effects of these two NS1 proteins over a wide range of concentrations of the expression plasmid (Fig. 2b) . Consistently, quantitative reverse transcriptase PCR (qRT-PCR) experiments indicated that IFN-b mRNA was markedly decreased in cells expressing NS1 (H17N10) from 6 to 12 h after SeV infection, and IFN-b levels were comparable to control cells transfected with NS1 (H5N1) (Fig. 2c, d ).
Constructs Rescue
Virus titre (log10 TCD50 ml NS1-PR8/NEP-H17N10 Fig. 1 . Generation of the recombinant viruses carrying H17N10 NS chimeric segments. (a) Schematic representation of the NS chimeric constructs that were used for virus rescue experiments together with the other seven segments from PR8. All genetic elements in grey are derived from PR8, while the blue elements are derived from H17N10. In these NS1-2A-NEP recombinant constructs, the NS1 and NEP coding sequences are separated by the foot-and-mouth disease virus 2A autoprotease, and the splice acceptor site in NS was mutated to prevent mRNA splicing (Basler et al., 2005) . The right column indicates whether the virus could be rescued (+) or not (À). (b) Growth rates of PR8, NS1-PR8/NEP-PR8 and the recombinant viruses NS1 RBD-H17N10 and NS1-H17N10/NEP PR8. MDCK cells were infected at a multiplicity of infection (MOI) of 0.001, supernatants were harvested every 12 h and samples were titrated by TCID 50 in MDCK cells. (c) 293T human embryonic kidney (HEK293T) cells were transfected with the IFN-b reporter plasmid and pRL-TK, followed by infection with SeV (as a control), H5N1, PR8, NS1 RBD-H17N10 or NS1-H17N10/NEP-PR8 at an MOI of 5 PFU/cell for 12 h. Luciferase reporter activities were measured and normalized to the constitutively expressed Renilla luciferase. Results were from three independent experiments. ***P<0.001, compared to SeV.
Previously, several studies have demonstrated that the amino acid residues R39 and K42 within the NS1 N-terminal domain are required for dsRNA-binding activity of the NS1 protein and play an important role in the IFN antagonist function (Donelan et al., 2003) . Next, we determined whether the mutant NS1 (H17N10) R39A/K42A protein [designated mNS1 (H17N10)] was also defective in preventing IFN-b induction. Our reporter assays showed that the NS1 R39A/ K42A mutant was severely impaired in its ability to inhibit activation of the IFN-b promoter, as previously found (Donelan et al., 2003) (Fig. 2a) . Consistently, in qRT-PCR experiments, overexpression of mNS1 (H17N10) inhibits SeVinduced IFN-b gene transcription at a lower level than the wild-type protein (Fig. 2c) . These results suggest that the amino acid residues at positions 39 and 42 within the NS1 (H17N10) protein play a similar crucial role in preventing IFN-b production as in canonical influenza A virus NS1 molecules. 6 µg of the indicated NS1 plasmids for 24 h, followed by infection with SeV for 12 h. The constructs indicated with mNS1 (H5N1) and mNS1 (H17N10) both express NS1 molecules with substitutions R39A and K42A, two key enzymatic residues. Luciferase reporter activities were determined by dual-luciferase assay and were normalized to the constitutively expressed Renilla luciferase. The expression of NS1 protein in transfected HEK293T cells was analysed by immunoblot assay using an anti-flag antibody and compared to the expression of actin. (Results were from three independent experiments. ***P<0.001; ns, not significant by t-test, compared to the empty vector as a control.) (b) Indicated amounts of plasmids expressing NS1 (H5N1) and NS1 (H17N10) were applied in the luciferase assay to detect the IFN-b promoter activity. (c) HEK293T cells were transfected with the indicated plasmids including the empty vector as a control for 24 h, followed by infection with SeV for 12 h. qRT-PCR was performed to detect IFN-b mRNA levels. (Results were from three independent experiments. **P<0.01; ***P<0.001, compared to the control transfected with empty vector.) (d) HEK293T cells were transfected with a plasmid expressing NS1 (H17N10) for 24 h, followed by infection with SeV. qRT-PCR was performed at the indicated time points to detect IFN-b mRNA levels. (Results were from three independent experiments. ***P<0.001; NS, not significant by t-test, compared to the control which was transfected with empty vector at the same time.) Crystal structure of NS1 RBD from H17N10 resembles that of other influenza viruses
The inhibition of IFN-b expression by NS1 is primarily mediated by the NS1 RBD, and the main role of the dsRNA-binding activity is to protect the virus against the anti-viral state induced by IFN-b . To confirm the functional role of this domain, the crystal structure of NS1 (H17N10) RBD was solved at a resolution of 2.0 Å (Fig. 3a) . It exhibits an overall structure similar to that of canonical influenza A virus NS1 RBDs. The first crystallographic study on NS1 RBD from H1N1 PDB code 1AIL showed that it consists of three large a-helices connected by short loops (Liu et al., 1997) . As seen in the H1N1 RBD structure, NS1 (H17N10) RBD also forms a dimeric sixhelical fold harbouring a shallow concave surface that recognizes the major groove of the dsRNA (Fig. 3a) . The overall folding of NS1 (H17N10) RBD and NS1 (H1N1) RBD is quite similar (Fig. 3b) , although they share only 50 % sequence identity (Fig. 3c) . The model of NS1 (H17N10) RBD dsRNA complex shows that it has a small cavity at the centre of its two-fold axes, and the cavity opens towards the RNA-binding surface similarly to other NS1 proteins (Fig. 3d) . The Arg36, Arg38, Arg39 and Lys42 residues of NS1 (H17N10) are clustered at the middle of the dsRNA-binding surface and share 100 % homology with NS1 (H1N1) (Fig. 3c, d ). The canonical NS1 (H17N10) RBD structure fits with the canonical function similarly to other NS1 proteins.
DISCUSSION
In this study, we attempted to generate reassortants with the complete gene segments with or without NCRs from H17N10 with H1N1 influenza A virus PR8, yet those efforts ended in failure. In all virus rescue experiments, we swapped the NCRs of H1 and N1 with those NCRs from bat-H17 and bat-N10 at the 5¢ and 3¢ terminals. However, Juozapaitis et al. (2014) applied a new approach and rescued an infectious bat-derived chimeric influenza virus with the modified HA and NA from H7N7 and the remaining six segments from bat H17N10 virus. In those experiments, the ORFs of H7 and N7 were flanked with the NCRs and about 100 nt of the 5¢ and 3¢ coding sequences from H17N10. Moreover, Zhou et al. (2014) also successfully rescued chimeric H1N1/H17N10 recombinants with PR8 H1 and N1 mutants and six internal genes from bat-H17N10. They incorporated 95 nt from bat-H17 5¢ terminus with ATG mutated and 163 nt from bat-H17 3¢ terminus into the two terminals of the ORF of PR8 H1. A similar strategy was also applied to the ORF of PR8 N1 gene; that is, the PR8 N1 coding region was flanked by the 206 nt packing region sequence (with ATG mutated) from the 5¢ terminal of bat-N10 and 194 nt from the 3¢ terminal of bat-N10 (Zhou et al., 2014) . Our work, together with the previous studies, partly demonstrated the importance of packing signals for virus rescue.
We failed to rescue recombinants with a single-gene segment from bat-H17N10 in a PR8 backbone reverse genetic system. However, we managed to rescue two mutant PR8 viruses with NS segment carrying the NS1 gene or NS1 RBD of bat-H17N10. To our knowledge, this is the first rescue of recombinant viruses that contain a single functional gene or domain from bat-derived influenza-like virus in the PR8 background. It indicates that the H17N10 NS1 protein is compatible with the RNA and proteins encoded by the seven PR8-derived segments of the transfectant virus. However, there was an attenuated replicative ability of NS1-H17N10/NEP-PR8 compared with NS1 RBD-H17N10 or PR8. This result implies that the attenuation could be caused by the NS1 ED of H17N10. Compared to the sequence of PR8 NS1 ED, there is a C-terminal 11-aa truncation in H17N10 NS1 ED, which constitutes a nucleolus localization signal, a binding domain of the cellular premRNA processing protein PABII and a PDZ domain binding motif related to virus replication and pathogenicity (Chen et al., 1999; Jackson et al., 2008) . Whether the C-terminal 11-aa truncation of H17N10 ED affects the replication of NS1-H17N10/NEP-PR8 virus should be confirmed in future studies. Although previous research (Zhou et al., 2014) revealed that deletion of bat NS1 ED in the H17N10 backbone has limited impact on virus replication in Calu-3 cells, our studies show that the H17N10 NS1 ED in PR8 backbone attenuated virus replication in MDCK cells. The differences between our data and those of Zhou et al. (2014) may stem partly from the choice of parental backbone and infection cell line in the two studies.
This NS1 protein from H17N10 displays similar IFN-b suppression characteristics in a dose-dependent manner as described for categorized influenza A viruses, which is consistent with previous studies (Turkington et al., 2015; Zhou et al., 2014) . Besides, the homodimeric structure of RBD of NS1 from bat-derived influenza-like virus solved in the current study shows high similarity with the canonical NS1, as well as the newly released NS1-RBD structure of H17N10 (Turkington et al., 2015) . The current study also demonstrated that R39 and K42 residues in the RNA-binding groove are important for its function, as R39A or K42A mutation could limit the induction of IFN-b promoter in response to SeV infection on both transcription and translation levels (Fig. 2 ). An in vitro study with chimeric bat influenza viruses Bat-H7/N7 expressing H17N10 NS1 mutants R39A showed that these mutants lead to virulence attenuation in IFN-competent A549 cells (Turkington et al., 2015) , which provided solid support for our luciferase reporter and qRT-PCR results.
Influenza segment 8 encodes both NS1 and NEP: NS1 produced from unsliced mRNA and NEP produced from spliced mRNA. Influenza viruses that were unable to express NS1 protein (del NS1) replicate poorly, but the deletion is not lethal for viruses (Garcia-Sastre et al., 1998) . Moreover, NS1 was shown to display plasticity and allows several mutations without losing its functionality, whereas NEP does not allow a lot of mutations (Heaton et al., 2013) and is crucial for the nuclear export of vRNPs via its binding to M1 (Paterson & Fodor, 2012) . Residue 78 is usually a conserved tryptophan in NEP of influenza A viruses, and this residue is a major M1 binding epitope of NEP (Akarsu et al., 2003) . No infectious virus was obtained when NEP from PR8 was replaced with NEP from H17N10, suggesting that the latter is dysfunctional in the PR8 backbone. Indeed, we found that H17N10 has a mutation at residue 78, which might abrogate NEP and M1 binding and then affect nuclear export of vRNPs. However, further investigation is needed to confirm this hypothesis.
Previous minigenome reporter assays showed that the internal genes of bat influenza viruses may be compatible with human influenza viruses (Tong et al., 2012) . This raises the worry that bat-derived genomes could exchange genetic information with human influenza viruses through reassortment. Although reassortment events between complete segments of bat-derived H7N10 influenza-like virus and human influenza A viruses seem highly unlikely in nature, based on our results, recombination events between segments might occur in rare circumstances. Therefore, further research on these intriguing influenza-like viruses H17N10 and H18N11 should be carried out to understand their complete life cycle.
METHODS
Cells and viruses. HEK293T cells and MDCK cells were maintained in DMEM supplemented with 10 % FBS (Hyclone). Recombinant viruses were generated using the eight-plasmid-based reverse genetic system described by Hoffmann et al. (2000) . A/Puerto Rico/8/1934 (H1N1, PR8) virus and the reassortant viruses between PR8 and H17N10 were generated and propagated in 9-day-old, specific pathogen-free embryonated eggs. Influenza virus titres were determined by TCID 50 in MDCK cells.
Constructs used for expression and virus rescue. The reassorted NS segments were cloned into a dual-promoter plasmid, pHW2000. MDCK and 293T cells were co-cultured and transfected with 0.5 µg of each of the eight plasmids and 10 l lipofectamine 2000 (Invitrogen) in a total volume of 1 ml of Opti-MEM (Invitrogen). After incubation at 37 C for 6 h, the transfection mixture was removed from the cells and 2 ml of Opti-MEM containing 1 µg ml À1 of tosylphenylalanine chloromethyl ketone treated trypsin was added. After 72 h, the supernatant On: Tue, 11 Dec 2018 03:42:05 from the transfected 293T cells was inoculated into MDCK cells or 9-day-old specific pathogen free (SPF) embryonated chicken eggs to produce stock viruses. The titres of the stock viruses were determined by TCID 50 on MDCK cells. Viral RNA was extracted and analysed by RT-PCR, and each viral segment was sequenced to confirm the identity of the virus.
Measurement of IFN-b introduction with luciferase reporter assay. IFN-b reporter plasmid carrying the firefly luciferase gene under the control of the IFN-b promoter was constructed by amplifying the human IFN-b promoter and cloning it into the pGL3-Enhancer vector (Promega), and the reporter plasmid pRL-TK carrying the Renilla luciferase gene under the control of the constitutively active herpes simplex virus thymidine kinase promoter was purchased from Promega. To determine the effect of NS1 on IFN-b production, we transfected HEK293T cells with 0.6 µg of the NS1-or mNS1-expressing pcDNA 3.0 constructs, 0.4 µg of the IFN-b reporter plasmid and 0.2 µg of the pRL-TK plasmid as an internal control. At 24 h after transfection, cells were infected with SeV at 1000 HA units/0.5 ml/well. Cells were harvested at 12 h post-stimulation and a dual-luciferase assay was performed according to the manufacturer's instructions (Promega). For reassortant viruses, 293T-IFN luciferase cells were infected at 1000 HA units/0.5 ml/ well for 24 h with the indicated viruses (or mock) prior to analysis of the luciferase activity.
Measurement of IFN-b mRNA by real-time qRT-PCR. HEK293T cells were infected with SeV at a multiplicity of infection (m.o.i.) of 5. At the times indicated in Fig. 2d , the cells were collected and total RNA was extracted using the RNeasy kit (Qiagen). Total RNA (1 µg) was transcribed using the Reverse Transcription System (Promega). qPCR assays were performed using the SYBR Premix Ex Taq TM (TaKaRa). Detection was performed using an Applied Biosystems 7300 Real-Time PCR System.
Protein expression and purification. NS1 (H17N10)-RBD was expressed in BL-21 (DE3) Escherichia coli cells. The overexpressed protein was purified using Ni-NTA affinity (Histrap HP; GE Healthcare) and gel filtration chromatography (Hiload Superdex 200; GE Healthcare) in Tris/NaCl buffer (20 mM Tris/HCl pH 8.0, 50 mM NaCl).
Crystallization, data collection and structure determination.
Crystals of NS1 RBD were obtained by the sitting drop vapour diffusion method using a 1 : 1 ratio of well solution to protein at a concentration of 8 mg ml
À1
. A crystal with a resolution of 2.0 Å was screened with the well solution 0.085 M HEPES (pH 7.5), 3.655 M sodium chloride and 15 % v/v glycerol. Diffraction data were collected at the Shanghai Synchrotron Radiation Facility beamline BL17U and indexed, integrated and scaled using HKL2000. Data collection statistics are summarized in Table 2 . The structure of NS1-RBD was determined by molecular replacement techniques using Phaser from the CCP4 program suite with the structure of H1N1 RBD (PDB code 1AIL) as the search model.
Accession number of H17N10 NS1 RBD structure. The atomic coordinates and structure factors of the H17N10 NS1 RBD structure were deposited in the Protein Data Bank, www.pdb.org (PDB ID code pending). 
